Abstract -In this paper a model for fluidized bed spray agglomeration is presented. To describe the processes of heat and mass transfer, a physical based model is derived. The model takes evaporation process from the wetted particles as well as the effects of transfer phenomena between suspension gas and bypass gas into account. The change of particle size distribution during agglomeration, modeled by population balances, is linked to the heat and mass transfer model. A new technique is derived to extract agglomeration and nucleation rates from experimental data. Comparisons of experiments and simulations are presented.
INTRODUCTION
The fluidized bed spray agglomeration has prevailed as a continuous thermal treatment method for granular solid matter due to its high mass and heat transfer ratios, as well as due to the coupling of the wetting, drying, particle enlarging, shaping, homogenization and separation processes. Products which are initially liquids, such as solid matter solutions, s uspensions, emulsions or melts, are transformed into high-quality, free-flowing, low-dust granular solid matters. This is achieved (a) by converting the solids suspended in liquids into granules, (b) by transforming the powder-like accumulating solids into granulates or (c) by coating the solid granulates.
Beside material composition, the particle size distribution (PSD) can have a significant impact on quality of agglomerates. The PSD influences different material properties like bulk density, flow characteristics etc. In order to control the quality of agglomerates, processes which influence their properties have to be understood. The aim of this study is to describe the process of fluidized bed spray agglomeration using population balances and to derive agglomeration rate model in particular.
MODELLING APPROACH
To model the process of fluidized bed spray agglomeration, the two main mechanisms of drying and particle enlargement are described in two separated models. Both models interact by some parameters as particle diameter and surface area of particle.
Model for Fluid Bed Drying
The drying model based on a simple two-phaseapproach with an active bypass is shown in Figure 1 (see Groenewold et al., 1997) . The assumptions for the model are given below.
§ The bypass fraction is free of solids and it is in plug flow. § All solids are in the suspension phase. The suspension is in plug flow. No back mixing occurs. § The particles are ideal mixed. § Vapor and heat transfer t ake place between suspension and bypass phase. § Vapor and heat transfer take place between surface of particles and gas in suspension phase. Water spayed in is deposited on particles. § Wall may exchange heat with environment, particles, suspension gas and bypass gas. 
Wall: The parameter ν is the ratio of gas flowing through the bypass to total gas flow rate. This value is calculated using a relationship by HILLIGARDT and WERTHER (1986) 
Equations proposed by Martin et al., (1994) are used to calculate hydrodynamic parameters of fluidized bed. Heat and mass transfer coefficients are determined by correlation of Gnielinksi et al., (1980) .
(b) Kinetics
To close the balance equation system the dependencies of mass and heat flow rates have to be known:
Model for Agglomeration and Nucleation (a) Balance Equations
The agglomeration and nucleation process for batch vessels is described by means of population balance (PBE) u, vunu, tnvu, tdunv, tt, u, vnu, tduBt, v t2 
which describes the time dependent particle size distribution (PSD). The two parameters which have a large impact on the shape of PSD are the agglomeration rate β, defined by
and the time-size dependent nucleation rate B 0 .
(b) Kinetics
In literature nucleation is often considered as appearance of particles in the smallest interval. This approach is reasoned by problems in particle size measurement. Especially in crystallization, it is not possible to distinguish between nuclei of different sizes due to insufficient resolutions of measuring devices in this range of small particle sizes. A further problem is the formation of nuclei in a range which is smaller than the smallest measurable range. By growth and agglomeration these particles become "visible". This process is also often claimed as nucleation. In a large number of technical processes, nucleation is observed in a large "measurable" range. Especially in fluidized bed agglomeration, where particles are formed in a range from 50µm up to 2000µm, a wide range of nucleation is reported. In this paper nucleation is modeled for a flexible range according to Figure 2 . In range "A", agglomeration and nucleation is expected, while range "B" is characterized by pure agglomeration. Corresponding to this definition, kinetic parameters are determined from experiments. In dilatation of the method given by Bramley, Hounslow and Ryall (1996) , the time dependent agglomeration rate constant and size dependent nucleation rate are obtained from ( ) To extract kinetic constants, the continuous PBE has to be transformed into a discrete form. Therefore a adjustable discretisation method of Litster, Smith and Hounslow (1995) is applied. Using a parameter q, the volume coordinate is divided into a number of intervals 1q i1i v2v + = (27) For this discretisation method, Litster, Smith and Hounslow (1995) derived the following discrete formulation of PBE: 
Using equations (23), (24)and (28) kinetic parameters can be determined. For the presented experiments, the best agreement between experiment and simulation results were obtained for the following size dependent agglomeration rate
EXPERIMENTS

Experimental Setup
The agglomeration processes were carried out in a commercial fluidized bed apparatus of GLATT company Type GPCG 1.1 (Figure 3 ) . For experiments microcrystalline cellulose (MCC), which is widely used in pharmaceutical industry as a carrier material for active agents, was chosen. As binder PHARMACOAT 606 was used. For experiments, the apparatus was h eated up until constant temperatures (outlet gas, wall) were achieved. Then a sieved fraction (65µm-125µm) of MCC was fed into the agglomeration vessel. After a short drying period of 10min, the binder solution was sprayed in by a two-component jet (Type 970/S4 SCHLICK company). During agglomeration process samples were taken continuously. Beside particle moisture content (Halogen Moisture Content Analyzer), PSD was measured of these samples. The CAMSIZER system (RETSCH TECHNOLOGIES), which bases on digital picture processing, was used for particle size and particle shape characterization. Some chosen parameters are summarized in Table 1 Figure 3: GPCG 1.1 GLATT Figure 8 show the comparison of experimental and simulation results. The decay of outlet gas temperature and outlet air humidity exemplifies the drying process up to 600sec. As soon as the binder is sprayed in, outlet humidity increases rapidly, while temperature decreases much slower due to heat capacity of particles and apparatus wall. The wetting and drying processes can also be observed in particle moisture content plot. During drying no samples were taken, but the slight increase of particle moisture during agglomeration predicted by simulation was also certified in experiment. This slight changes are caused by the decrease of particle temperature ( Figure 4 ). According to following equation
Experimental Results
Figure 4 to
where the equilibrium vapor pressure is obtained from adsorption isotherm ( ) ( ) ( ) eqpsatpeqp pX,pX, ϑ=ϑϕϑ (32) a lower particle temperature causes a lower equilibrium humidity. The PSD's obtained from experiments and from simulations shows good conformity. Starting with a narrow one-modal distribution at t = 530sec, particle enlargement up to 1mm can be observed. Due to nuclei formation the shape of PSD changes to bimodal distribution. 
